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The response of duckweed (Lemna minor L.) to salinity and osmotic stress was evaluated 
by monitoring growth and peroxidase activity every second day, for a period of 17 days. 
The nutrient medium was supplemented with isoosmolar concentrations of NaCl and 
mannitol (50 mM and 100 mM NaCl, 100 mM and 200 mM mannitol). Growth decreased 
markedly with increasing concentrations of NaCl and mannitol. The lower concentrations 
of NaCl (50 mM) and mannitol (100 mM) started to reduce growth significantly in the 
second week of the experiment, while the higher concentrations (100 and 200 mM) re­
duced growth from the beginning. Protein concentrations and peroxidase activity fluctu­
ated during the growth period but, most of the time, they were increased in plants treated 
with NaCl and mannitol. These results suggest that Lemna minor is sensitive to both salin­
ity and osmotic stress. However, the continued growth, and also the increase in peroxidase 
activity and protein concentration, during the NaCl and mannitol treatments, demonstrate 
its potential for adaptation to long-term stress. Although salinity and osmotic stress have 
similar overall effects on Lemna minor, consistent minor differences in growth, protein 
concentration and peroxidase activity between plants grown on NaCl and those grown on 
mannitol suggest overlapping, rather than identical, mechanisms of adaptation to salinity 
and osmotic stress.
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Introduction
Salinity stress is a widespread environmental problem. Approximately 50 % of the irri­
gated land is affected by high salinity (Lauchli 1991, cit. by Knight et al. 1997) which in­
cludes Na+ and Cl- as the most common ions (Munns and Termaat 1986). Most plants are 
sensitive to salinity above 50-100 mM NaCl while some halophytic species can tolerate 
500 mM NaCl (Downton 1984). Salinity imposes two types of stress, both of which can 
severely affect plant growth (Taiz and Zeiger 1991). The first is osmotic stress caused by
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high ion concentrations in the growth medium which decrease its water potential, and it is 
more difficult for the plant to absorb water and nutrients. The second is specific toxicity of 
ions present in high concentrations, which can interfere with the uptake of nutrients, cause 
membrane damage and directly inhibit cellular metabolism (Knight et al. 1997, Volkmar 
et al. 1998). Plants respond to salinity by osmotic adjustment, usually by increasing the 
concentrations of inorganic ions or organic solutes, such as prolin, in their cells and vacu­
oles (Hernándezet al. 1999, Savoured al. 1999). Salinity also causes oxidative stress and 
thus triggers defence mechanisms targeting harmful reactive oxygen intermediates. In case 
of NaCl stress, for instance, plants respond with increased activity of antioxidative en­
zymes (Gossett et al. 1994, Hernández et al. 1999).
Duckweed (Lemna minor) is a small, aquatic, floating monocot adapted to freshwater 
habitats that grows rapidly and mostly reproduces vegetatively. Easiness of culture and 
sensitivity to a wide range of toxic substances, such as pesticides and heavy metals, make 
this plant a suitable test organism (Lewis 1995).
Duckweeds are considered to be salt-sensitive (Hillman 1961). To find out if this is due 
to the osmotic effect of salt or to specific ion toxicity, the effect of isoosmolar concentra­
tions of NaCl and mannitol on the growth of Lemna minor was investigated. We also stud­
ied the activity of peroxidase, an antioxidative enzyme involved in detoxification, to estab­
lish possible correlations between the activity of this enzyme and the sensitivity of 
duckweed to salinity stress.
Materials and methods
Plant material and culture
Lemna minor L. was originally collected in the Botanical Garden of the Faculty of Sci­
ence, University of Zagreb. Plants were sterilised according to Krajncic and Devide 
(1980) and maintained as stock cultures under axenic conditions on Pirson-Seidel’s nutri­
ent solution (Pirson and Seidel 1950).
For both, stock and experimental cultures, the pH value of the nutrient solution was ad­
justed to 4.55 with 0.1 M KOH and autoclaved at 0.15 MPa and 120 °C for 20 minutes. The 
cultures were grown under 16 hours of light (80 pEm^s“1) at 24±2 °C.
Plant growth
Growth experiments were started by transferring single healthy colonies with 2-3 
fronds from stock cultures into 100 ml Erlenmeyer flasks containing 60 ml of Pirson- 
-Seidel’s nutrient solution supplemented with the quantities of NaCl (Kemika) or mannitol 
(Sigma) necessary to afford concentrations of 50 mM or 100 mM NaCl and 100 mM or 200 
mM mannitol. Each treatment and the control were prepared in eight replicates.
Frond numbers were monitored during a 17-day-period, on days 0, 3, 5, 8, 10, 12, 15 
and 17. Growth (G) was expressed in terms of relative frond numbers which were calcu­
lated using the expression (ENSLEYet al. 1994):
no. of fronds at day n -  no. of fronds at day 0
no. of fronds at day 0
n = 3, 5, 8, 10, 12, 15, 17
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The results are given as means of eight replicates ± standard error of the mean and 
tested for significance using Duncan’s New Multiple Range Test (Duncan 1955).
Peroxidase activity
In this set of experiments, cultures were started by transferring 5-10 healthy colonies 
with 2-3 fronds from stock cultures into 250 ml Erlenmeyer flasks containing 100 ml of 
Pirson-Seidel’s nutrient solution supplemented with NaCl or mannitol in the same concen­
trations as in the growth experiments.
Every second days, during a 17-day-period, aliquots of plant material were collected 
axenically from each treatment and the control and worked up as follows. For measuring 
protein content, 50 mg of plant material were homogenised in 1.5 ml of buffer prepared ac­
cording to Staples and Stahmann (1964) with the addition of polyvinylpolypyrrolidone 
(Sigma). For measuring peroxidase activity, 100 mg of plant material were homogenised in 
1.0 ml of KCI/K3PO4 buffer, pH 7.0 (Peters et al. 1988) with the addition of polyvinyl­
polypyrrolidone. Both homogenates were centrifuged at 18000g at 4 °C for 60 minutes and 
the supernatants were used for analysis.
Soluble protein content was estimated by the method of Bradford (Bradford 1976) us­
ing bovine serum albumin as a standard, and expressed as the mean of two experiments.
Peroxidase activity was determined spectrophotometrically at 470 11m using the 
guaiacol oxidation method (Mäder et al. 1975). The reaction mixture was prepared accord­
ing to Siegel and GAlston (1967). Peroxidase activity was expressed on a fresh mass ba­
sis, as the mean of two experiments.
Results
The osmotic and salt stress applied did not cause obvious symptoms of toxicity, such as 
chlorosis or reduction in frond size. The relative frond number of Lemna minor did, how­
ever, decrease significantly with increasing concentrations of NaCl and mannitol (Fig. 1). 
Comparing the growth under both applied concentrations of NaCl and mannitol, there was 
no statistically significant difference between the effect of these two substances. At the 
lower concentrations of NaCl (50 mM) and mannitol (100 mM), growth was slightly re­
duced during the first week, but was not significantly different from that in the control. 
Then, from day 8 for NaCl treatment, and day 10 for mannitol treatment, until the end of 
growth period, growth was reduced significantly (P = 0.05) in comparison with the control 
(Fig. 1A). In contrast, at higher concentrations, both NaCl (100 mM) and mannitol (200 
mM) significantly (P = 0.05) reduced growth during the entire period of exposure (Fig. 
IB).
The controls as well as all treatments showed an initial increase of protein concentra­
tion, and then maintained the respective protein levels until the end of the experiment. 
These levels were generally higher under osmotic and salt stress than in the controls (Fig. 
2A).
Guaiacol peroxidase activity, expressed on a fresh matter basis, in all treatments and the 
control showed similar values during the first week of the experiment, while, during the
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Fig. 1. Lemna minor L. growth expressed as relative frond number (see Materials and Methods for 
definition) during a growth period of 17 days in nutrient solutions containing A) 50 mM NaCl 
or 100 mM mannitol and B) 100 mM NaCl or 200 mM mannitol. Each value is the mean of 
eight replicates ± standard error. Bars indicate standard errors. Different letters on the top of 
the columns indicate significant differences between treatments, monitored on the same day 
at P = 0.05 by Duncan’s New Multiple Range Test.
rest of growth period, osmotic as well as salt stress caused an increase of peroxidase activ­
ity (Fig. 2B). Similar results were obtained in two independent experiments.
Discussion
Although duckweed Lemna minor L. is considered salt-sensitive (Hillman 1961), 
long-term (17 days) osmotic and salt stress did not cause obvious symptoms of toxicity or 
nutrient disbalance, such as chlorosis, and the plants were still able to grow. However, 
higher concentrations of NaCl (100 mM) and mannitol (200 mM) caused strong growth re­
duction during the whole growth period (Fig. IB). It seems that duckweed can adapt to 
some extent to osmotic and salt stress and survive, but at the expense of growth reduction.
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Fig. 2. Effect of NaCl and mannitol during a growth period of 17 days on A) protein concentration 
and B) guaiacol peroxidase activity expressed on a fresh matter basis. Each value is the mean 
of two independent experiments.
Our results showed that there was no significant difference (P = 0.05) between the ef­
fects of NaCl and mannitol on growth. Frick and Golt (1995) obtained similar results with 
NaCl and mannitol and also noticed that, after treatment with NaiS04, plants accumulated 
large amounts of SO42- ions, but not of Na+ ions. This suggests that Lemna minor is sensi­
tive to Na+ (and possibly Cl-) ions and thus developed efficient mechanisms for avoiding 
their accumulation. Yet, mannitol reduced growth to a slightly greater extent than NaCl 
(Fig 1.) which could mean that Na+ ions, at least to some degree, serve for osmotic adjust­
ment. It has already been reported that the accumulation of NaCl permits osmotic adjust­
ment without using metabolic energy and is thus widely used by plants tolerant to salt
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(halophytes). Plants sensitive to salt usually accumulate organic solutes, a process which 
consumes assimilates and thus tends to lead to reduced growth (Pérez-Alfocea et al. 1993, 
Egan and Ungar 1998).
It has been suggested that peroxidase activity increases in response to stress conditions 
because the enzyme is involved in detoxification of the H2O2 over-produced during oxida­
tive stress (Gueta-Dahan et al. 1997, Hernández et al. 1999). The present work showed 
an increase of peroxidase activity in response to osmotic and salt stress (Fig. 2B). These re­
sults corroborate published reports (Gossett et al. 1994, Hernández et al. 1999) stating 
that osmotic and salt stress are accompanied by oxidative stress. It also appears that this ox­
idative stress is due to osmotic effects and not to specific ion effects because there were no 
major differences in peroxidase activity between NaCl and mannitol stress. Lechno et al. 
(1997) found that NaCl and KC1 in cucumber plants increased the activities of catalase and 
glutathione reductase which are also antioxidative enzymes involved in H2O2 detoxifica­
tion and also suggested a correlation with the osmotic effect of salts. However, the fluctua­
tions of peroxidase activity w'e observed during the growth period under the influence of 
NaCl and mannitol treatments suggest complex functions of this enzyme in plants during 
their growth and perhaps different ways of activation.
Soluble protein concentrations also fluctuated during the growth period but most of the 
time they were increased with both concentrations of NaCl and mannitol (Fig. 2A). It 
would be interesting to investigate if this increase is due to the synthesis of specific stress 
proteins included in osmotic adjustment. It has already been reported that NaCl induced the 
accumulation of five polypeptides in Mesembryanthemum crystallinum (Yen et al. 1997). 
There may be a connection between growth reduction and the synthesis of stress proteins, 
in which case the sensitivity of Lemna minor to osmotic and salt stress would be due to 
spending lots of energy for osmotic adjustment.
The results presented here confirm that Lemna minor is sensitive to salinity and osmotic 
stress, but also has the ability for adaptation because it continued to grow in spite of 
long-term exposure to NaCl and mannitol. The increase of peroxidase activity in the treated 
plants shows that osmotic and salt stress is accompanied by oxidative stress and that duck­
weed has the capacity to cope with it. Although we did not find significant differences be­
tween salinity and osmotic effects, in the range of concentrations applied, consistent minor 
differences in growth, protein concentrations and peroxidase activity between plants 
treated with NaCl and mannitol suggest that the mechanisms of long-term adaptation to salt 
and osmotic stress may not be completely identical.
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